This study aimed to investigate the expression profile of the phosphatase and tensin homolog (PTEN) gene, the cadherin genes, CDH1 and CDH2, and the cell membrane glycoprotein, CD133, in the Ishikawa human endometrial adenocarcinoma cell line.
Background
Endometrial cancer is one of the most common malignant tumors of the reproductive tract in women, and the molecular mechanisms involved in the etiology and pathogenesis continue to be investigated. The phosphatase and tensin homolog (PTEN) gene was the first tumor suppressor gene with phosphatase activity to be identified [1, 2] . The phosphatase activity of PTEN can inhibit signaling pathways involved in oncogenesis, including the phosphatidylinositol-3-kinases (PI3K)/protein-serinethreonine kinase (AKT) pathway and the mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK) pathway, resulting in the inhibition of cell growth and increasing cell apoptosis [1] [2] [3] [4] .
Studies have shown that mutation or deletion of the PTEN gene and the abnormal expression of the PTEN protein are present in endometrial carcinoma, breast carcinoma, glioma, prostate carcinoma, colorectal carcinoma, gastric carcinoma, and other tumors [5] [6] [7] [8] . However, the association between expression of the PTEN gene and in endometrial carcinoma remains to be investigated. Currently, there have been few studies on the use of PTEN gene transfection in endometrial carcinoma cells in vitro to investigate the effects on the expression of factors associated with epithelial-mesenchymal transition (EMT), which may indicate the involvement of PTEN in invasion and metastasis in endometrial carcinoma.
Therefore, this study aimed to investigate the expression profile of the PTEN gene, the cadherin genes, CDH1 and CDH2, and the cell membrane glycoprotein, CD133, in the Ishikawa human endometrial adenocarcinoma cell line, including cell transfection with PTEN.
Material and Methods

Materials
The Ishikawa endometrial carcinoma cell line was purchased from Nanjing KeyGen BioTech Co., Ltd. (cat no. KG314). The cells were cultured in RPMI 1640 medium containing inactivated fetal bovine serum (FBS) and 8,000 U/ml penicillin and 8 mg/ml streptomycin. Anti-human CD133-phycoerythrin (PE) was purchased from Guangzhou Jetway Biotechnology Co., Ltd. (Guangzhou, China) (cat. no. 8512133841). All reagents were prepared on the day of use.
Cell lines and cell culture
The Ishikawa endometrial carcinoma cell groups included cells transfected with the pLVX-puro lentiviral expression vector (the Ishikawa-puro group) and cells transfected with pLVX-puro-PTEN lentiviral expression vector (the Ishikawa-PTEN group). The culture medium used was RPMI-1640 complete medium with 10% FBS. The cells were cultured in an incubator with 5% CO 2 at 37°C and 95% relative humidity.
The 293T cell line, derived from human embryonic kidney 293 cells, is a highly transfectable cell line. Frozen 293T cells were removed from storage in liquid nitrogen. After thawing over a 37°C water bath, the 293T cells were inoculated into a 25 cm 2 culture flask, and DMEM containing 10% calf serum was added and cultured at 5% CO 2 at a temperature of 37°C and 95% relative humidity in an incubator. When the cells grew into a monolayer and reached cell confluence of >90%, the medium was removed, and 500 μl of 0.25% trypsin was added. The cells were digested at room temperature and observed under a microscope. When the cells became shrunken and rounded, DMEM was added immediately, and the medium was repeatedly pipetted to form a cell suspension. Cells were counted using a hemocytometer, and the cell density was adjusted using DMEM containing 10% calf serum. Cells were inoculated into a 10 cm cell culture dish, at approximately 5×10 6 cells per dish in 10 ml of complete medium. The cells were cultured in an incubator at 95% relative humidity in 5% CO 2 at 37°C. After 24 h, when the cell density reached 80%, they were cultured in a dish measuring 150 mm.
Lentivirus packaging
On the day of cell lentivirus packaging, after 24 h of separation from the dish, 293T cells were re-plated with 20 ml of DMEM and 10% FBS with 4 mM glutamine (Gln), and incubated for 2 h in 5% CO 2 , at 37°C, and 95% relative humidity. A total of 27 μg GSTM5 lentivirus plasmids and two helper plasmids were added to 1 ml of saline, then gently mixed. After standing for 5 min, three times the amount of plasmid was added to the transfection reagent in polyethyleneimine, which was incubated at room temperature for 20 min then slowly added into the 150 mm culture dishes and shaken gently. This time point was identified as the beginning of transfection. After 6 h of transfection, the cells were rinsed twice with a moderate amount of PBS, and the medium was replaced with DMEM and 10% FBS with 4 mM Gln and 1% penicillin/streptomycin.
Virus collection
The supernatant was collected at 48 h and 72 h after transfection, centrifuged at 1,000 rpm for 5 min, and the supernatant was filtered with a 0.45 μm micropore filter. The solution was centrifuged at 50,000×g at 4°C for 2 h in an ultrahighspeed refrigerated centrifuge. The supernatant was discarded, the viral precipitate was fully dissolved with 1 ml PBS, and then filtered with a 0.22 μm micropore filter and dispensed into a 100 μl/tube, and the concentrated aliquots were stored in a -80°C freezer.
Ishikawa cell passage and plating
RPMI 1640 complete medium, trypsin-EDTA, and PBS were pre-warmed to room temperature. The culture medium from the dish was removed, and the cells were washed twice with PBS to remove the residual serum. After the PBS was removed, an appropriate amount of trypsin-EDTA was added, then gently oscillated to ensure even coverage of the surface of the culture vessel. After digestion for about 1 min, the cells appeared rounded and the gaps between them were seen to enlarge when viewed under the microscope. The digestion was terminated by the addition of 2 ml RPMI 1640 complete medium. After pipetting the liquid from the culture and gently blowing the surface of the culture dish repeatedly, the cells were removed from the culture dish, transferred into a centrifuge tube, and centrifuged at 1,000 rpm for 5 min. The supernatant was removed, and 5 ml of complete DMEM was added. The culture medium was repeatedly pipetted to produce a cell suspension, and a small sample was counted. According to the results of the cell counting, 0.5×10 6 cells/well were inoculated into a six-well plate, and three wells were inoculated.
Ishikawa cell transfection
When the Ishikawa cells were fully adherent and had grown to 50% confluence, the transfection was performed. Before transfection, 10 μg/ml of polybrene was incubated with the cells for 1 h and was then replaced with 1,000 μl of fresh complete DMEM in each well. A volume of 100 μl of the pLVX-puro-PTEN lentiviral expression vector (the Ishikawa-PTEN group) was added into one well, and another well was supplemented with 100 μl of the pLVX-puro lentiviral expression vector (the Ishikawa-puro group). A further well of cells was used as a blank control group. The cells were incubated at 95% relative humidity with 5% CO 2 at 37°C. After transfection for 6 h, the culture medium was aspirated and replaced with RPMI 1640 complete medium, and the cells were returned to the incubator at 35% CO 2 and 37˚°C with 95% relative humidity. After 48 h, the cells were subcultured and collected for further study.
Quantitative reverse transcription-polymerase chain reaction (RT-qPCR) for expression levels of CDH1 and CDH2 mRNA
The extraction of total RNA from Ishikawa cells was performed with TRIzol ® reagent. The first cDNA chain was synthesized from 10 μl RNA with the HiFiScript kit. The PCR primers were designed using Primer Premier 5.0 software (Table 1) , with GAPDH as an internal reference. The PCR reaction conditions were as follows: incubation at 42°C for 5 min, 85˚C for 15 min, and a further 40 cycles at 98°C for 10 min, 98°C for 15 sec, and 60°C for 34 sec with the collection of the fluorescence signals. At the end of the cycles, the melting curve was obtained at between 60°C and 98°C.
CD133 expression by flow cytometry
In the Ishikawa-puro group, a small fraction of cells was collected into an Eppendorf tube without the CD133 antibody, as a blank control group (Control). In the study group, 5 μl of anti-CD133 antibody was added to samples from the Ishikawa-PTEN group and the Ishikawa-puro group. The cells were incubated in the dark for 30 min, centrifuged at 1,000 rpm for 5 min, and washed twice with PBS. A volume of 500 μl PBS was added, and the solution was resuspended. The rate of positive detection of the CD133 cell membrane marker was detected by flow cytometry.
Statistical analysis
Data were analyzed using SPSS version 20.0 software (IBM, Chicago, IL, USA). Data were expressed as the mean±standard deviation (SD) and underwent analysis of variance (ANOVA). P<0.05 was considered to indicate a statistically significant difference. 
Results
Expression levels of CDH1 and CDH2 mRNA in Ishikawa cells
In different samples, in order to reflect the differential expression in the gene to be tested, factors such as the experimental error and sample size should be included. Therefore, samples were normalized to the cycle quantification value (Cq value) of the reference gene. The difference in gene expression was expressed by the relative quantification (RQ) value derived from the Cq value. The results showed that the expression of CDH1 mRNA in Ishikawa-PTEN cells was 0.62 times greater than in the Ishikawa-puro cells. The expression of CDH2 mRNA in Ishikawa-PTEN cells was 2.07 times greater than that of Ishikawa-puro cells (Figure 1) . The difference between the two groups was statistically significant (P<0.05).
Positive expression of the CD133 cell membrane marker in Ishikawa-puro and Ishikawa-PTEN cells
The positive expression rate of CD133 was compared between the Ishikawa-puro group and the Ishikawa-PTEN group. The Ishikawa-PTEN group showed a decreasing trend compared with the Ishikawa-puro group ( Table 2 ). The result of the 9832 flow cytometry analysis of the blank control group (without the CD133 antibody) is shown in Figure 2 , the Ishikawa-puro group is shown in Figure 3 , and the Ishikawa-PTEN group is shown in Figure 4 .
Discussion
Malignant tumors, including endometrial carcinoma, are characterized by the properties of local invasion and metastasis, which are associated with poor prognosis. Epithelial-mesenchymal transition is recognized as an important requirement for the local invasion of malignant cells [9, 10] . EMT was first described in the development of mammalian embryos and involves the transformation of epithelial cells into mesenchymal cells, which increase the chance of invasion and is associated with tumor stem cell characteristics [11] [12] [13] [14] . Downregulation of epithelial markers is followed by upregulation of the expression of mesenchymal markers, which causes epithelial cells to lose their cell polarity and intercellular junctions. In EMT, there is loss in epithelial cell adhesion and an increase in the expression of extracellular matrix metalloproteinases (MMPs), which 
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facilitates cancer cell invasion [15] . There are many markers involved in the process of EMT, including epithelial markers, such as CDH1 (E-cadherin) and cytokeratin, and interstitial markers, including CDH2 (N-cadherin), vimentin and a-smooth muscle actin [16, 17] .
Cadherins are calcium-dependent transmembrane glycoproteins that mediate cell junctions in the epithelial tissue to maintain tissue polarity and integrity [18, 19] . Cadherins include E-cadherin, P-cadherin, and N-cadherin, and changes in the expression of E-cadherin and N-cadherin are considered as key steps in the mechanism of tumor EMT [20, 21] . CD133 is a member of the prominin family and is a transmembrane glycoprotein with a molecular weight of 120 kD. CD133 is composed of 865 amino acids and is expressed in mesenchymal stem cells, endothelial progenitor cells, and other cells [22, 23] . CD133 expression has been identified in several types of tumor stem cells, which have the biological characteristics of a malignant phenotype and invasive ability [24] [25] [26] . Therefore, CD133 is currently recognized as a cell membrane marker of tumor stem cells. Dahching et al. [27] isolated and detected CD133-positive cells from Ishikawa human endometrial adenocarcinoma cells, and showed that these cells had a stronger clonogenic ability, chemotherapy tolerance, and tumorigenicity in vitro.
In the present study, quantitative reverse transcription-polymerase chain reaction (RT-qPCR) and flow cytometry were used to study CDH1, CDH2, and CD133 in Ishikawa-PTEN cells. The results showed that the expression of CDH1 mRNA in Ishikawa cells transfected with the pLVX-puro-PTEN lentiviral expression vector (Ishikawa-PTEN cells) was lower than that in Ishikawa-cells transfected with the pLVX-puro lentiviral expression vector (Ishikawa-puro cells). The expression of CDH2 mRNA in Ishikawa-PTEN cells was higher than that in Ishikawa-puro cells. These results indicated that, in Ishikawa cells studied in vitro, the PTEN gene regulated the expression profile that was characteristic for EMT. The knockdown of PTEN increased the expression of CDH1, with low expression of CDH2. The positive expression rate of CD133 in Ishikawa-PTEN cells was lower than that in Ishikawa-puro cells. Given the biological characteristics of tumor stem cell expression of CD133, these results suggest that the PTEN gene may have a role in reducing the malignant phenotype and invasive ability Ishikawa human endometrial adenocarcinoma cells studied in vitro. These preliminary findings require further functional in vitro studies, including cell migration studies, and in vivo studies.
Conclusions
The aims of this study were to investigate the expression profile of the phosphatase and tensin homolog (PTEN) gene, the cadherin genes, CDH1 and CDH2, and the cell membrane glycoprotein, CD133, in the Ishikawa human endometrial adenocarcinoma cell line. Ishikawa cells were transfected with PTEN, and the expression levels of CDH1 and CDH2 mRNA and the CD133 cell membrane glycoprotein were evaluated and compared between the cell groups. Downregulation of PTEN was associated with the expression of the CDH1 and CDH2 genes and upregulated the expression of CD133, which are associated with epithelial-mesenchymal transition (EMT) in malignancy. These findings support the need for further studies to investigate the potential role of PTEN in invasion and metastasis in endometrial carcinoma.
